A key issue for the self-cooled lithium blanket concept with a vanadium alloy structure is the development of an electrically insulating coating on the coolant channel walls to mitigate the magneto-hydrodynamic pressure drop in a high magnetic field. A systematic investigation of the thermodynamics and kinetics of oxygen and calcium interactions in the vanadium alloy/lithium system is being conducted to define the system parameters required for in-situ formation of a CaO coating on vanadium alloys. This paper presents results of theory and modeling as well as experimental results on the formation of CaO coatings on vanadium alloys after exposure at temperatures of 600 -700 o C to lithium with a small fraction of Ca added. Coatings of 10 -30 µm with high electrical resistiviy have been formed.
Introduction
The self-cooled lithium blanket with a vanadium alloy structure offers a potential for high performance with attractive safety and environmental features [1] [2] [3] [4] . Features include high heat load capability, high operating temperature, potential for long lifetime, design simplicity, low operating pressure and use of low activation materials. Key remaining issues for the lithium/vanadium blanket concept include effects of fusion-relevant helium transmutation rates on the properties of neutron irradiated vanadium alloys and development of electrically insulating coolant channels to mitigate the magnetohydrodynamic (MHD) pressure drop in the lithium coolant. Formation of electrically insulating coatings on channel walls is the proposed approach to mitigate the MHD effects. In-situ formation of the coatings after fabrication of the blanket appears necessary and self-healing of any defects in the coatings that might occur during operation is considered essential to provide acceptable reliability. The temperature range of primary interest for the lithium blanket with the reference V-4Cr-4Ti alloy structure is 400 -750 o C.
Design analyses have been conducted previously to define the performance requirements for insulator coatings under projected fusion system conditions [5] [6] . These analyses indicate that only modest electrical resistivities or very thin coatings are adequate to suppress the MHD pressure drop. A value of 100 Ω-cm 2 for the product of the electrical resistivity and the thickness will reduce the MHD pressure drop to negligible levels. This corresponds to a coating thickness of 1 µm for an electrical resistivity of 10 6 Ω-cm. A coating thickness of ~ 10 µm is considered desirable.
Oxide, nitride and carbide coatings have all been considered; however, only a few oxides are stable in lithium and many nitrides, carbides and silicides do not exhibit adequate electrical resistivities [7] . CaO has been selected as the leading candidate coating material for the lithium/vanadium system on the basis of its properties and the requirements for the coating. This paper presents a status of in-situ formed CaO coatings on V-alloy substrates by exposure of V-alloy specimens to lithium containing small amounts of Ca. Related investigations are also being conducted on CaO coatings produced by thermal-physical vapor deposition and chemical vapor deposition techniques [8] .
Coating requirements -CaO assessment
The requirements for the coating material are quite complex. CaO has been selected as the leading candidate for the coating material because it appears to best meet the stringent requirements for the insulator coating for the Li/V system application. Key considerations for the selection of candidate coating materials include the following: Ω-cm [5] [6] . Based on fundamental thermodynamic data, CaO is one of the most stable oxides and is predicted to be stable in low-oxygen lithium as indicated in Fig. 1 . The thermal expansion mismatch for the CaO/V-alloy interface is fairly low since the coefficient of thermal expansion for CaO (~ 12 x 10 -6 / o C) is fairly close to that for vanadium (~ 10 x 10 -6 / o C). As discussed in detail later, the CaO system with vanadium exhibits favorable properties with respect to in-situ coating and self-healing. The neutronic, environmental and safety-related characteristics of calcium are generally favorable, the resources are ample and the cost is low. The radiation response has not been determined, but the margin for electrical resistivity is quite large and self-healing should also mitigate some of the radiation effects. Overall, CaO exhibits characteristics that are favorable to the proposed coating application.
In-situ coating procedure
The approach for in-situ coating under investigation involves a reaction of calcium Recent investigations have been focused on higher temperature exposures of V-alloys, typically 600 -700 o C, in Li with 2.8 at. % Ca. Figure 5 shows EDS analysis of coatings formed on vanadium and V-5Cr-5Ti alloy exposed to Li-2.8 at.% Ca at 600 o C for 120 hrs. The transition from the base metal to the calcium-rich surface coating is evident. Similar results are shown in Fig. 6 for V-4Cr-4Ti alloys that were precharged to different oxygen concentrations and then exposed to Li-2.8
Results of in-situ formed coatings
at. % Ca at 700 o C for 50 hrs. Figure 7 is a plot of the hardness profile for the two V-4Cr-4Ti alloys with oxygen precharged to levels similar to those for specimens indicated in correlate well with the predicted CaO coating thickness corresponding to the amount of oxygen precharge. Figure 8 shows micrographs of the coating formed on the V-5Cr-5Ti alloy exposed at 600 o C. The coating thickness indicated in the micrograph in Fig. 8a correlates well with the EDS profile in Fig 5 and the backscattered electron image in Fig.   8b shows the uniformity of the coating in a lower magnification. Additional analyses are in progress to further characterize these coatings. Electrical resistance measurements have also been performed on the coatings at temperatures up to 500 o C. Liquid gallium has been used for the electrical contact on the coating surface. Previous experiments on resistance measurements performed by exposure of the coatings to liquid gallium indicated that micron-sized defects in the coatings could be readily detected [12] .
Electrical resistivity values in excess of 10
8 Ω-cm were obtained at temperatures to 500 o C for the coatings formed on the V-4Cr-4Ti alloy at 700 o C.
Summary and Conclusions
CaO has been identified as a leading candidate for an electrically insulating coating to mitigate the MHD pressure drop in a self-cooled Li system with a V-alloy structure. Key The coating parameters indicated above, viz., the temperatures and times for coating formation; are acceptable for practical applications; however, further effort is required to define the complete range of conditions for obtaining satisfactory coatings. 
